INTRODUCTION
According to International Finance Corporation (IFC), a member of the World Bank Group, frontier emerging stock markets are relatively small, illiquid, and undeveloped capital markets in different regions of the world. For the rapidly growing frontier emerging stock markets (e.g., Bangladesh, Botswana, Cote d'Ivoire, Ecuador, Ghana, Jamaica, Kenya, Mauritius, and Trinidad and Tobago), the correct detection of rational speculative bubbles is very important in policy-making decisions and international portfolio diversification. For example, Chan, Lee and Woo (2003) explicated that if rational bubbles are not present, then it is only necessary to take control of the market fundamentals. If, however, inflation is being driven by a bubble phenomenon, then positive action is needed to shock expectations from the bubble path.
Unfortunately, however, information on the frontier emerging markets to international and domestic investors who are seeking portfolio diversification for hedging purposes is generally less available than in other financial markets. Even worse, previous researches on empirical tests to detect rational speculative bubbles concentrating on developed and emerging stock markets remain inconclusive. Therefore, although it might be a demanding task, reliable results of bubble tests of the frontier emerging stock markets can provide domestic and international investors as well as policy makers with invaluable benchmark to better understand the irregular and highly fluctuating stock market behaviors of the frontier emerging markets compared to other developed and emerging stock markets.
To the best of our knowledge, none of the previous studies has concentrated on rational speculative bubbles in the unfledged frontier emerging stock markets. Therefore, we extend the rational speculative bubbles literature to the frontier emerging stock markets using fractional integration tests and duration dependence test 1 . Koustas and Serletis (2005) indicated that the notion of fractional integration allows more flexible modeling of the low frequency dynamics of stock prices, dividends, and their equilibrium relationship, while allowing significant deviations from equilibrium in the short run. Therefore, we checked the log dividend yields for a also supported the 'bubble hypothesis' using a bivariate structural VAR model which includes growth rates of industrial production and stock prices. Cuñado, Gil-Alana and Perez de Gracia (2005) tested the presence of rational bubbles in the NASDAQ stock market index by means of a methodology based on fractional processes. They could not reject the unit root hypothesis when using monthly data on price-dividend ratios even though the existence of bubbles depends on the sampling frequency used in the analysis.
NON-EXISTENCE OF RATIONAL SPECULATIVE BUBBLES
On the other hand, the majority of studies do not support the existence of rational speculative bubbles in stock markets despite the frequent appearance of bubbles from popular financial press articles. For example, using duration dependence tests, Chan & MCQueen (1998) confirmed that none of the U.S., Japan and Hong Kong, and four emerging stock markets (Korea, Malaysia, Taiwan and Thailand) is consistent with the theoretical prediction of rational speculative bubbles model, which conflict with those of McQueen and Thorley (1994) for U.S. stock markets. Koustas and Serletis (2005) yielded robust rejection of the null hypothesis of rational bubbles based on fractional integration tests. They concluded that a fractionally integrated dividend yield is inconsistent with rational bubbles in stock market prices.
THE FRONTIER EMERGING STOCK MARKETS
DATA AND BUBBLE TESTS
DATA AND SUMMARY STATISTICS
We collected monthly 3 S&P Global (S&P/IFCG) price index levels 4 in local currency and U.S. dollar terms, market capitalizations, and dividend yields from 1996: 01 to 2003:03 from EMDB (Emerging Markets Data Base) for the 9 frontier emerging stock markets (Bangladesh, Botswana, Cote d'Ivoire, Ecuador, Ghana, Jamaica, Kenya, Mauritius, and Trinidad and Tobago). We report summary statistics in Table 1 for the 9 frontier emerging markets (FM) monthly index returns in local currency along with those of FM composites as a benchmark to take a look at overall distinct patterns of the frontier emerging stock markets.
5 As expected, during our sample periods (1996:01 -2003:03) , most of the frontier emerging markets experienced severe stock markets fluctuations compared to those of developed stock markets. Among them, Bangladesh is somewhat extreme, evidenced by 14.28% of standard deviation. For Bangladesh, maximum and minimum monthly returns are 90.65% and -30.15%, respectively. As a benchmark, FM composite index returns show 3.09% of standard deviation and 13.04% (maximum) and -6.48% (minimum). We also observed fractional exponent in the differencing process based on ARFIMA models since the unit-root and cointegration tests allow for only integer orders of integration. In addition, many financial researchers have supported the duration dependence tests proposed by McQueen and Thorley (1994) in many distinct academic contexts (See Cameron & Hall 2003; Tudela 2004) .
To complement and overcome shortcomings of the traditional bubble tests which mainly rely on expectations of future steams of dividends, we used hazard functions 2 to investigate duration dependence in runs of positive excess returns of the frontier emerging stock markets. On the other hand, traditional time series approaches for bubble detections provide no information concerning the probability that a run will end or that deviations from the mean will be completely dissipated although they can be useful in identifying mean-reverting components in monthly returns of the frontier emerging stock markets (Cochran & Defina 1996) .
In the following, we summarize the main empirical results. Although frontier emerging stock markets have recently experienced extreme fluctuations, we did not find any strong evidence of rational speculative bubbles for the perspectives of both local and U.S. investors. Unlike traditional bubble tests, the fractional integration tests based on ARFIMA models do not support the possibility of bubbles in the frontier emerging stock markets. Similarly, the duration dependence tests based on nonparametric Nelson- Aalen (1978) hazard functions strongly reject the existence of bubbles. In addition, it appears that both local and U.S. investors do not observe rational speculative bubbles in the frontier emerging stock markets; and hazard functions are not affected by different currency denominations, evidenced by the statistically identical hazard functions across them.
REVIEW OF THE LITERATURE

PRESENCE OF RATIONAL SPECULATIVE BUBBLES
Although many financial economists have proposed different categories of formal econometric tests to detect rational speculative bubbles, the evidence of rational speculative bubbles is still mixed and has been in a longstanding disagreement for both developed and emerging stock markets. McQueen and Thorley (1994) rejected the no-bubble hypothesis based on duration dependence tests and found significant evidence of a negative hazard function in runs of positive abnormal returns for the equally-weighted portfolios of NYSE stocks. Ahmed, Rosser and Uppal (1999) found the evidence of nonlinear speculative bubbles in Pacific-Rim stock markets. They rejected the absence of trends which can be interpreted as speculative and they also rejected the absence of nonlinearities beyond ARCH effects in the residual series for all countries. Binswanger (2004) that monthly frontier emerging stock markets returns are far from normally distributed with positive skewness and leptokurtosis, confirmed by significant Jarque-Bera statistics.
We also illustrate time series plots of the monthly index levels and box-and-whisker plots of the monthly index returns in Figure 1 . In particular, Figure 1B allows us to explore maximum, minimum, median, upper/lower quartiles, and near/far outliers in the monthly index returns of the 9 frontier emerging stock markets. Although some of countries show strong trends and outliers in their time-series patterns ( Figure 1A ), they might be the result of temporary or spurious shocks not directly related with bubbles. Therefore, we should be equipped with further formal econometric tests to detect the existence of bubbles in those rapidly growing frontier emerging stock markets for various practical and academic reasons such as investments, portfolio diversifications, risk managements, and monetary policy and regulation purposes. In addition, the bubble detection is important to examine co-movement dynamics of frontier stock markets (Kiviaho, Nikkinen & Piljak 2014) and investor herds and regime-switching (Balcilar, Demirer & Hammoudeh 2013) .
THE FORMAL ECONOMETRIC TESTS TO DETECT RATIONAL SPECULATIVE BUBBLES FRACTIONAL INTEGRATION TESTS
Most previous studies have applied bubble tests for integer orders of integration to the log dividend yield or have tested for integer cointegration between stock dividends and prices. However, the fractionallyintegrated autoregressive-moving average model, denoted ARFIMA (p, d, q) , can be used for bubble detection of a univariate time series of log (dividend yields). The more familiar ARMA (or 'Box-Jenkins') models (when d = 0) or ARIMA (when d is a positive integer) are special cases. Therefore, fractionally integrated long memory processes are different from both stationary, I(0), and unit-root processes, I(1), in that they are persistent but are also mean reverting.
where μ t is the mean of y t and L is the lag operator,
represents stationary autoregressive and moving average polynomial in the lag operation L. The p and q are integers, but d is real values, respectively. The ARMA part of the model is also assumed invertible and stationary, which means that all roots of Ф(L) = 1 and Θ(L) = 0 are outside the unit circle. The traditional bubble tests, such as unit-root and cointegration tests, allow for only integer orders of integration. To avoid this shortcoming, we checked the log dividend yields 6 for a fractional exponent in the differencing process using the Exact Maximum Likelihood (EML). The standard errors are calculated by the inverse of the Hessian, estimated by Broyden, Fletcher, Goldfarb, and Shanno (BFGS) algorithm (Refer to Koustas & Serletis (2005) for further technical details). If rational speculative bubbles are present in the frontier emerging stock markets, the fractional integrating parameter of log dividend yields, d, should not be statistically equal to zero. Trin. & Tobago FIGURE 1. Market movements of the frontier emerging stock markets. The Figure 1A shows the time series plots of the monthly S&P Global (S&P/ IFCG) price index levels in local currency for the 9 frontier emerging stock markets from 1996:01 to 2003:03. S&P Global Index reflects adjusted share price changes and represents stock market performance without taking into account of restrictions on foreign investors from the domestic investor perspective. The Figure 1B illustrates box-and-whisker plots, explore maximum, minimum, median, upper/lower quartiles, and near/far outliers in the monthly index returns of the 9 frontier emerging stock markets from 1996:01 to 2003:03. 0.8
. Box-and-whisker plots of the monthly index returns Figure 2 , rather than by directly estimating parameterized hazard functions to consider the relative small sample sizes of the frontier emerging stock markets.
We have relative small size of samples to fit parametric hazard functions. Therefore, we plotted nonparametric smoothed hazard functions to obtain the robust empirical results of duration dependence tests. This is because nonparametric smoothed hazard functions have much better small-sample properties and are more intuitive to interpret whether hazard functions is decreasing or increasing. The estimated hazard is calculated as a kernel smooth of the estimated hazard contributions as obtained by sample hazard rates (For economic interpretations of generalized duration models, hazard functions, and their coefficients, see Narendranathan & Steward 1993; Cleves, Gould & Roberto 2004) .
The cumulative Nelson-Aalen estimator is defined as
where h(·) is the hazard function. The following nonparametric Nelson-Aalen estimator of cumulative hazard function, Ĥ(t), has much better small-sample properties than corresponding parameterized ones.
where n j is the number at risk at time t j , d j is the number of failures at time t j , and the sum is over all distinct failure times less than or equal to t. For each observed run ends time t j , the estimated hazard contribution, ∆Ĥ(t j ), can be obtained by
Therefore, we can estimate the hazard functions with
for some symmetric Gaussian density function (the kernel) and bandwidth b, the summation is over the D times at which run ends occur. In any case, the null hypothesis (H 0 ) of no duration dependence implies that the probability of a run ending is independent of the prior returns or that positive and negative abnormal returns are random. The alternative hypothesis (H 1 ) of duration dependence suggests that the probability of a positive run ending should have a decreasing function of the run length. If there are rational speculative bubbles in the frontier emerging stock markets, we should be able to observe negative duration dependence represented by monotonically decreasing hazard functions (See McQueen and Thorley 1994; Chan et al. 1998) . Therefore, if rational speculative bubbles are detected, the sample hazard rates 7 should decrease as the run length increases.
DO RATIONAL SPECULATIVE BUBBLES EXIST IN THE FRONTIER EMERGING MARKETS?
PRELIMINARY ANALYSIS
Since rational speculative bubbles must be persistent to survive several months or years until market crashes, we should observe statistically significant positive autocorrelations, skewness, and leptokurtosis due to excess returns during bubble periods if bubbles exist in the frontier emerging markets. In our study, although summary statistics showed excess kurtosis and positive skewness, as evidenced by significant Jarque-Bera statistics, many other factors that are not directly related with bubbles can affect market returns. Therefore, much care should be taken to associate higher moments of market returns with the possibility of rational speculative bubbles. Unlike normality tests, most frontier emerging stock markets do not show significant positive autocorrelations, except for Bangladesh and Trinidad and Tobago, based on the Ljung-Box Portmanteau tests statistics for 12 autocorrelations, Q(12), supporting no bubbles to some degree in the frontier emerging stock markets. However, the results of these autocorrelation tests question whether the frontier emerging stock markets really experienced rational speculative bubbles during our sample periods even though they suffered a lot of extreme positive or negative monthly returns. As Koustas and Serletis (2005) insightfully point out, rational speculative bubbles must be continually expanding and persistent in order to survive since stock buyers will pay a price higher than that suggested by the fundamentals if they believe that someone else will subsequently pay an even higher price. Therefore, statistically significant positive autocorrelations among monthly returns are simply prerequisite for rational speculative bubbles to be present in the frontier emerging stock markets.
FRACTIONAL INTEGRATION TESTS
The Table 2 reports the estimation results of fractional integration tests via exact maximum likelihood (EML) methods. We also tested whether fractional integrating parameter (dˆ) is statistically 0 (no unit root) or 1 (unit root) by performing linear restriction tests. The parameters, φˆ, are the estimators of the first order autoregressive processes, AR(1), in ARFIMA (1, d, 0) models. To check model adequacy, we also tabulate the residual tests for normality, ARCH effects, and serial correlations (Portmanteau tests) in last the columns of Table 2 along with the p-values in square brackets.
Unlike previous traditional studies that tested for integer orders of integration 8 , our analysis results showed robust rejections of unit roots in the log dividend yields and did not revealed any statistically significant evidence of rational speculative bubbles for all of the 9 frontier emerging stock market. Therefore, the log dividend yields are fractionally integrated processes for Botswana, Ghana, and Kenya, which do not comply with rational speculative bubbles. The remaining 6 frontier emerging stock markets also revealed no bubbles based on ARFIMA approaches, implying stationarity of log dividend yields.
In recent study, Koustas and Serletis (2005) also reported similar empirical findings as ours using S&P 500 log dividend yields in that they also found the possibility of bubbles based on unit root tests, but they rejected null hypothesis of bubbles based on ARFIMA methods. As shown in Koustas and Serletis (2005) , fractional integration tests are robust to the choice of parametric estimator of the fractional differencing parameter and data frequency, and bootstrap inference fully supports the estimation results. Therefore, our results of the fractional integration tests are inconsistent with rational speculative bubbles in the frontier emerging stock markets.
Residual test results for model adequacy are reported in Table 2 . For the entire frontier emerging markets, the null hypothesis of normality of residuals is rejected even after the ARFIMA fitting, which suggests using alternative fatter-tailed distributions such as skewed t-distribution or generalized error distribution (GED) rather than simply assuming normal distributions. For ARCH tests, it is likely that constant volatility assumption is not well-suited to fit residuals in some of frontier emerging stock markets including Bangladesh, Botswana, and Mauritius, which implies time-varying conditional volatility modeling such as GARCH-families. For Portmanteau tests, it is likely that our ARFIMA (1, d, 0) model successfully captures the serial correlations of residuals. However, although further complexity of model setups considering alternative fatter-tailed distributions and GARCH specifications might improve the overall fits of our ARFIMA models, these additional computational efforts may not change our main results of fractional cointegration tests to detect rational speculative bubbles in the frontier emerging stock markets. The table reports the estimation results of fractional integration tests via exact maximum likelihood (EML) methods. We also test if fractional integrating parameter (dˆ) is statistically 0 (no unit root) or 1 (unit root) by performing linear restriction tests. The parameters, φˆ, are the estimators of the first order autoregressive (AR(1)) processes in ARFIMA (1, d, 0) models. To check model adequacy, we also tabulate residual tests for normality, ARCH effects, and serial correlations (Portmanteau tests) in last columns. The p-values are reported in square brackets. Table 3 reports the results of duration dependence tests to detect the possibility of rational speculative bubbles. For this purpose, we computed the actual number of positive runs 9 for monthly positive excess index returns from 1996:01 to 2003:03. Table 4 tests for the equality of hazard functions to investigate whether hazard functions remain the same between local and U.S. investors.
DURATION DEPENDENCE TESTS
From Figure 2 , none of the nonparametric smoothed hazard functions is monotonically decreasing, implying non-existence of bubbles in the frontier emerging stock markets. We found that for the perspective of local investors, Cote d'Ivoire, Ecuador, Ghana, Jamaica, and Mauritius have upward trends of hazard functions, which are not acceptable if bubbles exist in those markets. Bangladesh, Botswana, Kenya, and Trinidad and Tobago also show distinct patterns which are not completely consistent with bubbles. Similarly, for the perspective of U.S. investors, Botswana, Ecuador, Ghana, Jamaica, and Mauritius generally show increasing hazard functions. In the case of Bangladesh, Cote d'Ivoire, Kenya, and 
Local investors U.S. investors
Trinidad and Tobago, nonparametric smoothed hazard functions initially increase then decrease. Therefore, we confirmed that the results of duration dependence tests do not support rational speculative bubbles in the frontier emerging stock markets although hazard functions between local and U.S. investors remain equal based on all of log-rank, Wilcoxon-Breslow-Gehan (1970), Tarone-Ware (1977) , Peto-Peto (1972), and Cox (1972) tests in Table 4 .
FURTHER JUSTIFICATIONS ON THE RESULTS ON BUBBLE TESTS
Many researchers have reported that it is very difficult to precisely detect bubbles using traditional econometric tests especially in small samples (see Gurkaynak 2005) . Taylor and Peel (1998) also pointed out that although rational speculative bubbles imply non-cointegration of index or stock prices and dividends, the traditional cointegration tests are subjected to size distortion or specification error especially in small samples. Due to these undesirable properties of cointegration tests, they applied the robust non-cointegration test with much smaller size distortion and good power characteristics to a long run of U.S. real stock price and dividend data, then rejected the bubbles hypothesis on U.S. data. Using S&P 500 log dividend yields, Koustas and Serletis (2005) showed that ADF and PP unit-root tests are unable to reject a unit root in the price-dividend ratios (dividend yields); which suggests the lack of cointegrating relationship between stock prices and dividends. Our results are also consistent with Taylor and Peel (1998), Gurkaynak (2005) , and Koustas and Serletis (2005) in that we are exposed to size distortion of relatively small sample sizes in the frontier emerging stock markets. If only a few traditional bubble tests like many other previous papers are relied upon to achieve consistent results, we may jump to biased conclusions. Since low statistical power of traditional bubble tests tends to bring biased results, we also investigated whether there have been regime changes 10 in the frontier emerging stock markets in Table 5 to test for the existence of rational speculative bubbles. If regime changes play an important role in deviation between indexes and dividends in the frontier stock markets, the statistical evidence of bubbles based on traditional tests should be interpreted as shift in the fundamental price resulting from a change of regime as in Driffill and Sola (1998) .
Suppose the unobservable state variable is S t , then the Markov (1998) two-state process would be represented by
Thus, p 11 is the probability that dividends in the frontier emerging markets, which are currently in regime-1, will remain in regime-1. In a two-regime specification (high and low dividends regimes), the unknown parameters, (μ 1 , μ 2 , σ 1 , σ 2 , p 12 , p 21 ), can be estimated using maximum likelihood via Kalman filter and the standard errors are retrieved by inverting the Hessian matrix.
From Table 5 , all of p 12 and p 21 are statistically significant in the frontier emerging stock markets except p 12 of Kenya, implying that dividends that are currently of a low dividends regime will move to a high dividends regime in next period, and vice versa. Therefore, we found that dividends do not remain in the same regimes over time and regime-switching of dividends provides a better explanation for indexes than rational speculative bubbles in the frontier emerging stock markets.
CONCLUSION
This paper extended the speculative bubble literature to the frontier emerging stock markets. It is well established that traditional bubble tests have shortcomings of low statistical power and small sample biases. To overcome these weaknesses, this paper has employed fractional integration techniques and duration dependence tests based on the ARFIMA models and nonparametric smoothed hazard functions in the frontier emerging stock markets. In addition, the strong possibility of regime-switching of dividends also supports our empirical results of fractional integration tests and duration dependence tests which do not show the evidence of the speculative bubbles in the frontier emerging stock markets.
Since the most frontier emerging markets are recent entrants to the global capital markets, it is important to analyze their market behavior including rational speculative bubbles in these markets to help international and domestic investors in their portfolio decisions and hedging purposes. These results of bubble tests will be also helpful to policymakers in these countries to take actions as to improve the functioning of these markets.
ENDNOTES
1 We also performed traditional bubble tests, including cointegration tests, unit root tests, and variance ratio tests 
